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Description 

[0001] This invention relates to a process lor the polymerization or copolymerization of ethylene. 
[0002] Polyethylene is produced commercially in a gas phase reaction in the absence of solvents by employing 
selected chromium and titanium-containing catalysts under specific operating conditions in a fluid bed process Poly- 
ethylene products of such commercial processes exhibit medium-to-broad molecular weight distribution To be com- 
mercially useful in the gas phase fluid bed process, or a slurry reactor process, undertaken at bw pressures e g of 
less than about 1000 psi. the catalyst must exhibit high activity, with concomitant high catalyst productivity because 
these process systems do not Include catalyst residue rennoval procedures. Accordingly, catalyst residue in the polymer 
product must be so small that it can be left In the polymer without causing any undue problems in the fabrication and/ 
or to the ultimate consumer. 

10003] The need for new catalysts lead to the development of metailocene compounds of transition metals as cata- 
lysts for polymerization and copolymerization of ethylene. Metallocenes can be described by the empirical formula 
CPmMA„Bp. These compounds in combination with alumoxane have been used to produce olefin polymers and co- 
polymers, such as ethylene and propylene homopolymers. elhylene-butene and ethylene-hexene cof)olvmers- see 
for example US-A.45421 99 and US-A-4404344. puiy^iers. see. 

[0004] Methylalumoxane (MAO) is commonly used as co-catalyst wrth metailocene catalysts. It belongs to the class 
of alumoxanes which comprises oligomeric linear andtor cyclic alkylalunrtoxanes represented by the formula* 
R-(AI(R)0)rt-AIR2 for oligomeric. linear alumoxanes and 
so {-AKRj-O-j^ for oligomeric cyclic alumoxane 

mlnci" ; ^'"'^'^^'^ ^"^^ ^'^^^'^^^ ^-2° " ^ ^1-^8 alkyl group and preferably methyl. 

[0005] Methylalumoxane is commonly produced by reacting trimethylaluminum with water or with hydrated inorganic 
salts, such as CUSO4.5H2O or Al2(S04)3.5H20. Methylalumoxane can be also generated in situ m potymerizaton 
reactors by adding to them trimethylaluminum and water or water-containing inorganic salts MAO is a mixture of 
"o^rf/^j;"^^ ^ ""^"^ "^'"^^ distribution of molecular weights and usually with an average molecular weight of about 
1200. MAO IS typically kept in solution in toluene. While the MAO solutions remain liquid at fluid bed reactor temper- 
atures, the MAO itself is a solid at room temperature. 

[0006] Most of the experiments reported in the literature relating to methylalumoxane used as a cocatalyst with 
metailocene catalysts are undertaken in a slurry or solution process, rather than in a gas phase fluid bed reactor 
30 process. 

[0007] It is desirable to control the Ml ol the polymerisation products, because such control provides a method d 
rueeting target molecular weights, which vary for ditferent applications. Generally, a low Ml product is used tor producino 
tougn fiuns. However, depending on the labrication means and method, polyethylene (and its copolymers) of different 
Ml will be required. For example for blown film production, the polyethylene target Ml ranges from 0 6 to 2 By com- 
parison, for cast film production the polyethylene target Ml ranges from 2.5 to 3.5. When the application is injection 
moulding, and target Ml ranges up to 1 50, usually from 1 0 to 1 20. hydrogen may be used to control Ml 
[0008] The present invention is predicated upon the discovery of a relationship between the polymerizatbn temper- 
ature and the Ml: more specifically, an increase in temperature leads to a decrease in Ml; anda decrease in temperature 
leads to an increase in Ml; ie temperature is inversely proportional to Ml. 

[0009] This discovery enables control of the polymerization process to adjust Ml : thus, if a product being made at a 
particular polymerization temperature has a particular Ml and it is desired to lower the Ml. then this can be achieved 
by increasing the temperature; conversely, if it is desired to increase the Ml. then this can be achieved by decreasing 

the temperature. 

, n invention, there is provided a process tor producing resins having a Ml value in the 

range of 0.0001 to 500 g/lO min (wherein Ml is measured in accordance with ASTM D-1238. Condition E) as defined 

in claim 1 . 

[0011] It may be possible to operate the polymerization temperature in the range 50X to 115"C 
[0012] Advantageously, the Ml (measured according to ASTM D-1238 Condrtion E) of the polymerized product is 
controlled by controlling the polymerization temperature within sak^ range of 55*C to 115'C. the potymerizatbn tem- 
perature being selected to be at the higher end of the range to produce product of relatively low Ml. and the polymer- 
ization temperature being selected to be at the lower end of the range to produce product of relatively high Mi 
[0013] The invention is applicable to high or low pressure gas phase processes (but with pressure < 1000 psi (6 9 
Mpa ). in which molecular weight control of olefin polymers (or copolymers), produced in the presence of a metalbcene 
catalyst, is effected by controlling the Ml of the resulting polymer. 

[0014] In a preferred embodiments, the process is undertaken in a tow pressure fluid bed process for catalytic po- 
lymerization or copolymerization of ethylene, in the presence of metailocene catalysts 

[0015] The catalyst is a supported catalyst, wherein the support is preferably silica, alumina or silica/alumina- the 
support IS preferably also amorphous and porous. In the preferred catalyst the support is silica 
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reagents include oxygen and organk: compoundrcon^^^^^^^^^ ^ preferr^ q^^^^^^^^^ 

Ml are electron withdrawing in effect. '^"^"^"'"9 oxygen atoms. The reagents which are used^ Kse 

10017] The polymerization product accordinn trMh« • 

then the polymeriaation is undertaken at temperures auh« I ! "'^ decreasing the product Ml iJZ^^'t 

the fel^.!?"'' ^ °' '^^^ "'^^ 3 and above 75 S-c f«-^ " ' °' 

the temperature may have to be below inn-r J ">-oorc to produce a product Ml of less than 9 . 

product Ml Of greater than 1 and bet^ J^c .of ' °' O.S ^^^c t^^Z^''- 

[0022] AS described above. Ml aLZ«^i!? ^ "'"^"'^^ °' Sreater than 2 ^ 

crease Ml are electron donating L^^a pTe ,2 gtri'^ef ^^^'^ are used ,0 de- 

S °ZT "^^^"'^ iS',,^rcreie S^^^^^ ^'^^"^ compound c^' 

I0023J Iri the process according to the invention fhl =r. I 

-•03,, „ ^^^^ -«xr.r."r.s:r 
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injection. Since any change in the rate of catalyst injection changes the rate of generation of the heat of reaction the 
temperature of the recycle gas is adjusted to accommodate the change in rate of heat generation Complete instru- 
mentation of both the fluidized bed and the recycle gas cooling system is. of course, necessary to detect any temper- 
ature change in the bed so as to enable the control system to make a suitable adjustment in the temperature of the 
recycle gas. Since the rate of heat generation is directly related to product formation, a measurement of the temperature 
rise of the gas across the reactor (the difference between inlet gas temperature and exit gas temperature) is deternii- 
native of the rate of particulate polymer formation at a constant gas velocity 

10032] The reagents which are used to decrease Ml. compared to the f^l of products produced in the absence of 
said reagents, are isopentane and compounds which are electron donating in effect. 

[0033] Electron donating compounds which have been used and which do decrease Ml include oxygen carbon 
dioxide, carbon monoxide. A preferred group of reagent compounds which are electron donating in effect include 
organic compounds which include oxygen atoms. Electron donating reagents which may be used include CO Ca 
NO. N02. NgO ethers, alcohol, peroxides, ketones, esters, thioethers. amines, phosphines. phosphine oxidesind 
phenols. 

[0034] The general tormulas for these electron donating reagents are: ROR', ROH. ROOR' RCORi RCOORi 
RSRi. RR1R2N. RR1R2P. RRiRZpo where . v^n . nowwn . 

R-CHg, CjHg. n-C3H7, i-CgH^. n-C4HB, l-C4Hg. t-C4H8. CsHj or other alkyI substituted aryl group- 
Where Ri and R2 may be the same or different, and may be H. CHg. CgHj. n-CaH,. j-CgH,. n-C.H- i-aH. I- 
C4H9.C6HS or other alkyI substituted aryl group. -» z » 3 7 37. 4"9>'^«"9. « 

Ml of the product by decreasing it. In a gas phase, fluid bed reactor the olefin feed is In the presence of 0 01 to 1000 
ppm molar rato of these compounds, calculated on the basis of ethylene feed. This compound can be injected into 
r^«f (polymerization 2one) or added as a co-feed, or admixed with recycle gas, or fed intoany other feed stream 
[0035 Reagents including water and those containing electron withdrawing atoms have also been employed to con- 
trol M by increasing Ml and include Irialkylaluminum, e.g.. trimethylaiuminum. triethylalumlnum, triisobutylaluminum 
alkylaluminum chloride, trialkyi borane. anddialkylnragnesium. Some representative formulas are: R,Mg. RMoCI R,Al' 

C4H8. t-C4H9. CgHj or other alkyI group, or aryl group, or substituted aryl group. These reagents are added in amounts 
effective to change the Ml of the product by increasing it. 

[0036] Note that although these reagents can change Ml. they do not increase fines production 
[0037] In a gas phase, fluid bed reactor, the olefin feed is in the presence of 10 to lOOO ppm molar ratio of these 
cornpounds calculated on the basis of ethylene feed. In addition to increasing Ml the reagent does not increase fines 
production. This compound can be injected into the reaction (polymerization zone) or added as a co-feed or admixed 
with recycle gas. or injected with a comonomer. 

[0038] Hydrogen may be used as a chain transfer agent in the polymerization reaction of the present invention The 
ratio of hydrogen/ethylene employed will vary from 0 to 2. preferably 0 to 0.5. moles of hydrogen per mole of ethylene 
in the gas phase. Any gas inert to the catalyst and reactants can also be present in the gas stream 
(0039] Refereiice is now made to the accompanying drawing. Figure 1 . whfch is a schematic drawing of a gas phase 
polymerization or copolymerizalion. for use in the process according to the present invention 
l?^?L ITI ^ ■ ^ 10 consists of a reaction zone 12. a velocity reduction zone 14 and a distributor plate 

20. Although fouling can occur in all of the cold areas (areas in a reactor at a temperature which is less than the 
temperature at which any component in the gas phase reactor are liquid rather than gaseous) distributor plate fouling 
IS the one most easily detected, since it results in a rapid increase in the pressure drop across the distributor plate due 
Tr^lerl^ restrictions also result in changing fluidizatlon patterns and contribute to reactor operating 

[0041] The lowest temperature in the reactor loop is in the reactor inlet beneath Ihe distributor plate Other areas 
representing the coldest sections in the fluid bed reactor system include the cooler and piping between the cooler and 

the bottom head. 

comprises a bed of growing polymer particles and a minor amount of catalyst particles 
fluidized by the continuous flow of polymerizable and modifying gaseous components. To maintain a viable fluidized 
bed. the mass gas flow rate through the bed must be above the minimum flow required for fluidization. and preferably 
rorr, 1 .5 to 1 0 limes G„, and more preferably from 3 to 6 times 6„,. 6„, is used In the accepted form as the abbreviatton 
for the minimum mass gas flow required to achieve fluidization. C. Y. Wen and Y. H. Yu. 'Mechanics of FlukJization* 
Chemical En Qlneerino Progress Symposium Series . Vol. 62. p. 100-111 (1966) 

[0043] The distribution plate 20 sen/es the purpose of supporting the bed and distributing recycle gas through Ihe 
bed at a rate sufficient to maintain fluidization of the bed. Fluidization is achieved by a high rate of gas recycle to and 
through the bed, typically 50 to 200 times the rate of feed of make-up gas. Make-up gas is fed to the b^ at a rate 
equal to the rate at which particulate polymer product is formed by reaction plus any vent or other losses The com- 
position of the make-up gas is determined by a gas analyzer usually piped across the compressor. The composition 



4 



0 728 150 B1 



20 



25 



SO 



55 



Of the make-up gas is continuously adjusted tn^- . - 
10 (00461 Under a o- "^"e type disclosed in US-A- 

cfe.om,™xa„..4Z;^^ '"»'«9"=toa „,h al.^^^ZTlTZ!: "^^'''^^" 

catalyst sough, to be ptotiuc^ \Tl T ^" alumoxane and a solvent therefor 

I0053J Sown, mite , "™»fl™t«o » on«mto, 
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of the alumoxane. 

S J'1T!!>?T^ ^' or less lor 5 to 7 hours. Although solvent can be removed by evap- 

orat«n at relatively higher temperatures than the 40 to 60-0 range described above verv short heatino Zp^hL^ ? 
must be ernployed to obv^te aggtomeration o. catatyst part.les and cros^inS^^o mTa rxat '^^^^^^^^^ 

[00S7] The metallocene compound has the formula rn kaa n in xam\^^. r-^ - . . 

groups. If the AandB substltuents In the above loC^rot\he m^^^^^ 

when the catalyst contains only one transition metal Tn^^nZ.^,^ ! f'"'"^''^"^ ^his is particularly desirable 
molecular weight LLDPE to reiucranXr ^^1- ! .k ■ ^^^^^"^ ^ used to form narrow 

sp^^hereby^ensurlngrear::^^^^^^^^ 

S i^%To^^S^Z%TZ ' "^'^^ P"'"^*"^' ^ '° ^200 ma/g and most preferably 
10063J Preterab^. the carr.er ,s s.hca. which contains (OH] groups. The hydroxyl group of the sifca may range from 
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s tacting a silica sample with methyl magnesium aS^^el '^^^^^ °" '''"^ by con- 

=ost°;r;rar;rc-'^^^^^^^ 

« most preferred embodimer-t is a high surface aS Z^olZ ll / ^ ^ram silica. The silica of the 

cm3/g). ar,d it is a material marketed under the uSenTSrOaS Q^^r^ = ^ ^^'"'"^ °* ^ « 

C»v.^o.W.aOraceandCompa...spurchased.rsrrr^^ 

« — Thet^ielSyt^^^^^^^^ 

alumi^oxa^ear,dmeta.loce^e^thasb ndeS^^^^^^^ 

such as trialkylalumirium compounds, e.g trt^Thy^uminum 

thereby compared to a catalyst formed Jh ZSlTa h" drlT^" "^"""^ ^''"'"^ °' ^^'^^^^ P'o^Juced 
containing higherhydroxylnuUersproduceLtS^^^^^^^^ 

thes,lca with trimethylaluminumtoreact with the sTanoVorsS^^^ 
Of TMA. the hydroxyl concentration is reduced .o oS^ofa^^^^^^^ 

catalyst with a productivity of about 200 kg(polymer)/g! ansiti.^ rJe^l. ^ '° ^^""^^''^ P'°^"^^<' ^ 

catalyst exhibiting such activity is useful in fhVpSssesherl bI^^^^^^ '"'""^ ^ «'='^'«V. and the 

Of 1 .8 mmole/g silica exhibits a prcK^uctivity of nSe th^l 00^^^^^^^^ ' 9^°"" 

groups, .n mmole/g silica can be affected by the dehydration t!^^rT^ ^ ' °" ^"^""^ <=>' ^V^'O^ 

the dehydration temperatures of about 600-C reduce ,S?Zn3^^^ '° ''"^^ Specifically, 

the solution of aluminoxane and metallocene. By com^ ^J^niSS^i """"^'"^ ^""'^'^^ -'^ 

amount ol reactive hydroxyl groups avai^ble for cc^te« She s^^^^^^^^ °' "O-C increase the 
the silica heat treated, for dehydratran Purpose8!^1S^rThus i h»rh ^'7'"™^"^ metallocene. relative to 

silica subjected to dehydration temperatures of 2^Cismoreactf^^^ "'^'y^' '"^'^^ «he 

Kgre~;;ts:rprgs^^^^^^^^^ 

per g of silica. In preferred embodiments. th^ccScenSL ral?. , Tf"' ° ' "P «° 2.5 mmole OH 

[0069] Both low density (0.88 to 0 939 a/cm3)^rh o^^^^ ranges from 1 .6 to 2.0 mmole/g silica. 

bufk density, low (^«exaneVex,ractablefaSnr^^^^^ above, products with high 

w«h no fouling. The resin produced has a high molecZ we^Sf Srrow 1? T """^ °' 

neous branching distribulk>n. The catalyst ash contains si^rfl.^nT^^"'^' distribution, and homoge- 

less than 1 ppm transition metal and 100 PpmMT^^T^cZ^^^^^^^ ^'^ ^"^ 

long catalyst life and produce high bulk density pSuc fa^e SiSllnt ? °' "^"^'^ 

rS^rpT'"^*^ P°'y--izationsandcopolym^^a?iLnr:. J^^^^^^ '""'"^ ""^'"'^^^'^ ^'''"'^y '^ese 

Laccidfr:r:rr^^^^^^^^ 

having three monomerk: units. Particular exanX o» su^h^oL^^^^ <erpoVmers 
l^exene copolymers and e.hylene/4^^^^^ 

uioir^^rc^i^i^rh'ri"^^ 

.nvent»n preferably contain at least about 80 percent by CZto^lZ ^'"f^ the present 

^accordance With ASTMD0238.ConditionE]) Which ranoeMrliStoSl ;^ -^ 

mg distribution in ethylene copolymers is evalled nrisTo me rSl P^'^^^'^^.ions of the invention. Branch- 
branching distribution is one Which the melting point rrn e^^^^^ 

In this embodiment, the catalyst of the invention con.ainc ' P^"*"9"^'="™*«^efcompositron 

part.ularv.thecopolymerprc^uctscontro ^^'^27^^^^^^^ ^'al. a metaltocene. More 

ppm oi zr. The product has an average particle size of O.Ol S-0.035 



7 



EP0 728 150 B1 



10 



IS 



20 



wmmmmmn 

10073] When films fabricated from thPn., • P """"s wrth f»^FR ranging from 

strength, as measured by ASTM D^oSV^jr^'" P'<«e« o> the invention exhihH k.. 
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[0077] 6 90 g of b ( b ^ 
Preparation nf ratoiy^^^ p y^-, | 

dehydrated a, 250-0. ''^'^ -nner to Catalyst C. except that ZL 955 silica was 

Gas phase nilot Plant 

Ks) ^eactS'zti^Mo Jlalu^^^^^ P'^"' «"'^ 'factor (13 inch (0 33m, in.o , 

ability was achieved after aX adiustlnTt '° process Sa^lT J^ '"'"'^^^^ 

10085] The resins produced have good settierihnii,^ considered 
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3. Tests 5 and 6 indicate that, as expected, the Ml increases as a result of increasing the hexene gas ratio. However, 
further increase in hexene gas ratio to make low density (test 7) actually decreased mett index, which is unexpected. 
The difference in ethylene partial pressure between tests 7 and 6 does not explain the Ml change. An ethylene 
partial drop from 206 psi (1.42 MPa) to about 125 psi (0.861 MPa) is required to increase Ml from 4.1 (test 7) to 

5 7.1 (teste). 

4. Tests 7 and 8 indicate that Mi drops significantly, and unexpectedly, with injection of isopentane into the reactor. 
This finding is very significant because this gives an effective way of reducing Ml to about 1 without using a tern* 
perature increase which can be detrimental to good reactor operation for low density products. 

5. Oxygen reduces Ml (compare tests 9 and 10 with 7). Also, addition of oxygen in combination with isopentane 
10 (test 1 2) can give fractional Ml resin. This result is unexpected, particularly because the catalyst contains aluminum 

alkyl. Any oxygen addition was expected to be scavenged by the aluminum atkyi before modifying the catalyst site. 

6. Water is found to Increase Ml (compare tests 7 and 11). This result is unexpected since the catalyst contains 
aluminum alkyl. Any water addition was expected to be scavenged by the aluminum alkyl before modifying the 
catalyst site. 

15 

[0087] In addition to isopentane. oxygen and water, other additives were exptored. such as TIBA. carbon dioxide, 
carbon nx3noxide and acetylene. The results indicated TIBA increases Ml, CO2 and CO decrease Ml while acetylene 
does not have a significant effect. However, all these nrKxfifiers do not have the same impact on the catalyst activity in 
achieving similar changes in Ml. 
20 [0088] The results are given In Table 2. An analysis of the results in Table 2 demonstrates: 

1 . Tests 1 and 2 show TIBA increases Ml significantly. In addition, the activity of the catalyst increased significantly 
in the presence of TIBA (connpare the Zirconium ppm in the product). Preliminary tests using other electron with* 
drawing compounds such as TMA and TEAL indicate all of these compounds may not effect the Ml similarly on 

2S this catalyst. 

2. Tests 3 and 4 compared with 2 show that carbon dioxide reduces the Ml with this catalyst, which is not expected 
from the effect of carbon dioxide on other catalysts. Similarly, tests 5 and 6 compared with 2 show carbon monoxide 
also reduces Ml. However., the catalyst activity drops significantly more with carbon monoxide compared to the 
effect of carbon dioxkle (compare 4 and 6). 

30 3. Unlike the results reported in Table 1, where we could make 1 Ml using isopentane alone (test 6, Table 1), 

addition of a modifier was necessary along with isopentane while doing tests reported in Table 2. We believe this 
is due to diflerence in the background level of modifiers. 

4. Electron donating compounds, e.g. CO, C02. and electron withdrawing compounds, e.g., TIBA, can modify our 
metallocene catalysts to change the resin Ml. Other electron donating compounds can be ethers, alcohol, perox* 

35 Ides, ketones, esters, thioethers, carbonyls. amines, phosphines. phenols, etc. Other electron withdrawing com- 

pounds can be trialkyialuminum. alkyl aluminum chloride, trialkyt borane, etc. It is believed that these modifiers 
can also work in gas phase, slurry or high pressure process. 

[0089] Using these catalysts, preliminary product scoping in the fluid bed reactor has been carried out. As a result 
^0 of the un'que combinations of isopentane. hexene, temperature and modifiers that were discovered in this work, it was 
possible to adjust Ml and densities in a very broad range; ranging from 0.915 to 0.962 g/cm^ by varying comonomer 
level (hexene or butene) and melt index ranging from 0.5 to 250 by varying the reactor temperature, ethylene partial 
pressure, isopentane. oxygen (or carbon dioxide, carbon monoxide) and hydrogen. 

[0090] It is believed that significantly lower or higher mett index (less than 0.2 or greater than 500) materials can be 
45 produced if necessary. Similarly, it is expected that products can be made with tower density than 0.915 g/cm^ (0.905 
g/cm^ or lower) and with higher density than 0.962, if necessary. 
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Claims 

1 . A process for producing resins having a melt index (Ml) value in the range of 0.0001 to 500 on 0 min (wherein Ml 
is measured according to ASTM D-1 238. Condition E). which comprises: 

(i) polymerising ethylene or copolymerising ethylene with an alpha-olefin having 3 to 10 cartjon atoms at a 
lirst polymerisation temperature in the range of 50 'C to 115 "C using a process comprising: 

(a) fluidising a particulate, activated supported metallocene catalyst, in a fluid bed gas phase reactor, 
wherein the catalyst comprises a support, a transition metal {Mj,) and Al, wherein the amount of Mr' 
(elemental basis) ranges from 0.001 to 10 weight percent, the amount Al (elemental basis) ranges from 
1 to 40 weight percent and the A1:Mt, 'alio (elemental basis) ranges Irom 25 to 10000- 

(b) contacting said catalyst with a feed selected Irom the group consisting of (1) ethylene (2) ethylene 
admixed with hydrogen. (3) ethylene admixed with an alpha-olelin having 3 to 10 carbon atoms and (4) 
ethylene admixed with hydrogen and an alpha-olelin having 3 to 10 carbon atoms and 

(c) maintaining a polymerisation pressure of less than 1000 psi (6.9 MPa). to form a polymerised product; 

(ii) determining the Ml of the polymerised product; 

(iii) repealing steps (a) to (c) at a second polymerisation temperature in the range o1 55»C to 1 1 5»C to change 
the Ml of the polymerised product, the second polymerisation temperature being selected to be higher than 
the first polymerisation temperature to produce a product of lower Ml. or the second poVmerisation ternperature 
being selected to be lower than the first polymerisation temperature to produce a product of higher Ml. 

2. A process according to Claim 1 . wherein the support is silica, alumina or silica/alumina. 

A process according to Claim 2, wherein the catalyst is in the lorm of porous amorphous particles having a particle 
size in the range of 1 to 500 jim (1 to 500 microns) which comprise silica, a M^, and Al. wherein the AI Mt ratb 
ranges Irom 70 to 350; wherein said silica has a pore volume of 0.1 to 5 cmS/g. and has a concentration of hydroxvl 
groups m the range of 0 to 2.5 mmole/g of silica; wherein said catalyst is prepared, in activated lorm by contactino 
said silica with a volume of a mixture comprising a metallocene and an alumoxane. wherein said volume ol said 
mixture is no greater than the total pore volume of said dehydrated silica; wherein said metallocene has a lofmula 
^ substituted cyclopentadienyl group; m is 1 or 2; M is zirconium or hafnium and each 
O A and B is selected from the group consisting of a halogen atom, a hydrogen atom, an alkoxyl group and an 

n •° °' ^- "^^'^^ said alumoxane has the formula 

R:(AI(R)-OyAIR2 for ohgonwric linear alumoxanes, or has the formula (-AI(R)-O-)™ «or oligomeric cyclic alumox- 
ane. wherein n is 1 -40. m is 3-40. and R comprises a C, -Cg alky I group. 

4. A process according to Claim 3, wherein the metallocene is selected from the group consisting of bis(n-butylcy- 
clopentadienyl)metal dihalkJes. bis(n-bulyk:yclopentadienyl)metal hydridohalides, bis(n-butylcyclopentadienyl) 
metal monoalkyi monohalides. bis(n-butylcyclopentadienyl)metal dialkyls and bis(indenyl)metal dihalides. 

5. A process according to Claim 3, wherein the metallocene is bis(isobutylcyclopentadienyl) zirconium dichloride. 

6. A process according to Claim 1 . wherein the polymerization pressure is maintained at less than 400 psi (2.8 MPa). 

7. A process according to Claim 1 . comprising selecting the second polymerization temperature of more than 65*C 
to produce a polymerized product having an Ml less than 4. 

8. A process according to Claim 1 , comprising selecting the second polymerization temperature ol more than VVC 
to produce a polymerized product having an Ml less than 3. 



3. 



9. 



A process according to Claim 1. comprising selecting the second polymerization temperature of more than 75'C 
to produce a polymerized product having an Ml less than 2. 



10. A process according to Claim 1 . comprising selecting the second polymerization temperature of less than 100»C 
to produce a polymerized product having an Ml greater than 0.5. 

11. A process according to Claim 1 . comprising selecting the second polymerization temperature of less than go-C to 
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produce a polymerized product having an Ml greater than 1. 



12. A process according to Claim 1 . comprising selecting the second polymerization temperature of less than 80"C to 
produce a polymerized product having an Ml greater than 2. 



Patentanspruche 

1. Verfahren zur Herstellung von Harzen mit einem Wert des Flle3index (Ml) im Bereich von 0.0001 bis 500 g/10 min 
(wobei der Ml nach ASTM D-1238. Bedingung E gemessen wird). welches umfaQt: 

(ii) Polymerlsieren von Elhylen Oder Copolymerisieren von Ethylen mit einem a-Olefin mit 3 bis 10 Kohlen- 
stoffatomen be! einer ersten Polymerisationstemperatur im Bereich von 50 bis 115*C nach einem Verfahren. 
welches umfaOt: 

(a) Fluidisieren eines partikelformigen aktivierten getragenen Metallocen-Katalysators in einem Wirbel- 
bettreaktor mit Gasphase. wobei der Katalysator einen Trager. ein Ubergangsmetall (M^,) und Al umfaBt. 
wobei die Menge von Mj, (elementare Basis) im Bereich von 0.001 bis 10 Gew.-% liegt. die Menge von 
Al (elementare Basis) im Bereich von 1 bis 40 Gew.-% liegt und das Verhaltnis von A\:Mr, (elementare 
Basis) im Bereich von 25 bis 10.000 liegt. 



(b) Kontakt des Katalysators mit einer Beschickung. ausgewahit aus der Gruppe von (1) Ethylen. (2) 
Ethylen in Mischung mil Wasserstoff . (3) Ethylen in Mischung mit einem a-Olefin mit 3 bis 10 Kohlenstoff- 
atomen und (4) Ethylen in Mischung mit Wasserstoff und einem Alpha-Olefin mit 3 bis 10 Kohlenstoffato- 
men, und 



(c) Halten eines Polymerisationsdrucks von weniger ats 1000 psi (6.9 MPa). wodurch ein polymerislertes 
Produkt hergestellt wird, 

(ii) Bestimmen des Ml des polymerisierten Produktes. 



3S 



40 



45 



so 



ss 



(iii) Wiederholen der Schrilte (a) bis (c) bei einer zweiten Polymerisationstemperatur im Bereich von 55»C bis 
1 1 5*C. damit der Ml des polymerisierten Produktes geandert wird. wobei die z weite Polymerisationstemperatur 
so ausgewahit wird. daO sie hoher ats die erste Polymerisationstemperatur ist. wodurch ein Produkt mit ge- 
ringerem Ml hergestellt wird. Oder die zweite Polymerisationstemperatur geringer als die erste Polymerisati- 
onstemperatur gewahit wird. damit ein Produkt mil hoherem Ml hergestellt wird. 

2. Verfahren nach Anspruch 1 . wobei der Trager Siliciumdtoxid. Aluminiumoxid oder Siliciumdioxid/Aluminiumoxid ist. 

3. Verfahren nach Anspruch 2, wobei der Katalysator in Form poroser amorpher Parlikel mit einer PartikelgroOe im 
Bereich von 1 bis 500 jim (1 bis 500 Mikron) vorliegt. die Siliciumdioxid. ein M^, und Al umfassen. wobei das 
Verhaltnis von AliMj, im Berech von 70 bis 350 liegt. wobei das Siliciumdioxid ein Porenvolumen von 0.1 bis 5 
cm3/g und eine Hydroxylgruppenkonzentration im Bereich von 0 bis 2.5 mmol/g Siliciumdioxid hat. wobei der Ka- 
talysator in aktivierter Form durch den Kontakt von Siliciumdioxid mit einem \tolumen einer Mischung hergestellt 
wird. die ein Metallocen und ein Alumoxan umfaOt. wobei das Volumen der Mischung nicht groGer als das gesamte 
Porenvolumen des dehydratisierten Siliciumdioxids ist. wobei das Metallocen die Formel Cp^MA„B hat. worin 
Cp eine substituierte Cyclopentadienylgruppe ist. m 1 Oder 2 ist. M Zirconium oder Hafnium ist. und A und B jeweils 
aus der Gruppe ausgewahit ist, die aus eiriem Halogenatom. einem Wasserstoffatom. einer Alkoxylgruppe und 
einer Alkylgruppe besteht. vorausgesetzi. daO m+n+p gleich der V&lenz des Melalls M ist. wobei das Alumoxan 
die Formel R-(AI(R)-0)„-AIR2 oligomere lineare Alumoxane Oder die Formel (-AI(R)-0-)„ fur ein oligomeres 
zyklisches Alumoxan hat. worin n 1-40 ist, m 3-40 ist und R eine CtCa- Alkylgruppe umfafBt. 

4. Verfahren nach Anspruch 3. wobei das Metallocen aus der Gruppe von Bis(n-butyk:yclopentadienyl)metalldihak>- 
geniden, Bis(n-butylcyclopentadienyl)metallhydridohalogeniden. Bis(n.butylcyclopentadienyl)meiallmonoal- 
kylmonohalogeniden. Bis(n-butylcyck5pentadienyl)metalldialkylen und Bis(indenyl)metalldihalogeniden ausoe- 
wahll ist. 



Verfahren nach Anspruch 3. wobei das Metallocen Bis(lsobutylcyctopentadienyl)zlrconiumdichlorjd ist. 
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6. Verfahren nach Ansproch 1 . wobei der Polymerisationsdruck bei weniger als 400 psi (2.8 MPa) gehallen wird. 

^* ^^^T 1 • *s Auswahl der zweiten Polymerisatbnstemperatur bei mehr als 65-C umfaSt 

wodurch em polymerisiertes Produkt mil einem Ml von weniger als 4 hergestellt wird. 

8. Vertahren nach Anspruch 1 . das die Auswahl der zweiten Polymerisationstemperatur bei mehr als yO'C umfafit 
wodurch e.n polymerlsienes Produki mit einem Ml von weniger als 3 hergestellt wird. ' 

9. Verfahren nach Anspruch 1. das die Auswahl der zweiten Polymerisationstemperatur bei mehr als 7S'C umtaBt 
wodurch e.n polymerisiertes Produkt mit einem Ml von weniger als 2 hergestellt wird. 

"t"^'^^P^"^'^ 1- ^= Auswahl der zweilen Polymerisationstemperatur bei weniger als 100-C urn 
faBt. wodurch em polymer«iertes Produkt mH einem Ml von mehr als 0.5 hergestellt wirt 

11. VertahrennachAnspruchl.dasdieAuswahlderzweilenPolymerisationslemperaturbeiwenioeralsSO-CumfflB. 
wodurch e.n polymersiertes Produki mH einem Ml von mehr als 1 hergestellt wird. ""^"'^^'^^^^ 

12. VertahrennachAnspruchl. das die Auswahl derzweitenPolymerisationstemperaturbeiweniaeralseo-Cumfa^ 
wodurch em polymerisiertes Produkt mit einem Ml von mehr als 2 hergestellt wird ^'^"'S^'^'^^C umlaBt. 

Revendications 

1 . Un proc6d6 de production de r6sines ayant une valeur d'indice de finiriit^ tuw ^« ^ 

. 500 g/ to mn (OO Ml es, mesur. se Jn . norme IsTM ol'st S';^rE)ZC"end ^ "'""^ 

(i) la polym6risation d-6thylene ou la copolym6risat»n d'6thyl6ne avec une alphaK>l6fine avant de a J, in 

rrjrsrrc^r^^^^^^^^^ 

(a) la fluidisation d'un catalyseur au m6talloc6ne support^, activ6 partfculaire dans un r-s«ri-„, - k 
gazeuse . lit fluidis.. dans lequel le catalyseur est'cinstltu^ d'unTupS d w^^^^ 
e^-AI. dans lequel la quanti.6 de M^, (quami.6 4l6men,aire) est comprise dansTa S^e de 
10% en poids. la quantity d'AI (quantite 6l6mentaire) est comprise dans la oamme de lT/^^ 
et e rapport AIM,, (quantH6 .tementaire) est comprise dans gamme de'SHo ooo 

X^'^T "''''"^ PO'V-^'isation inf^rieure ^ 6.9 MPa (1000 psi). pour former un produit 

(ii) la determination du Ml du produit polym6ris6 ■ 

la premiere temperature de polymerisation pour ob.enir un produH ayant un Ml plus S. 
■ aZr' " ^""''^^ «'-ine ou un syst.me sil«e/ 

. Un pfoc6d6 suivant la revendication 2, dans lequel le catalyseur est sous la inrmo ri« ■ 
ayant un dimension parttulaire comprise dans la gan^r, rsooTm 

silice. un M,, et de I'AI. ou le rapport Al : M,, est cLpris dani oTmme de 70 ^ ^^iXTi'T"'"^ 

2Tr:^dTrernsr^.rc^™^^^^ . 

lad«esiliceavecunvolume.unUangeco~^^aTk.rZ^^^^^^^ 
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du dit melange n'est pas superieur au volume total de pores de la dite silice ddshydrat^e; dans lequel ce m6tal- 
loc6ne est repr6sent6 par une lormule, Cp^MA„Bp dans taquelle Cp est un groupe eye lope ntadi6nyle substltud, 
m est 1 ou 2, M est le zirconium ou Phafnium. et chacun des A et B est choisi dans le groupe consistani en un 
atome d'halogene, un atome d'hydrogene, un groupe alcoxy et un groupe alkyle, k condition que m + n + p soil 
egal d la valence du m6tal M ; dans lequel le dit alumoxane est represents par la lormule R-(AI|R)-0)„-AIR2 pour 
des alumoxanes linSaires oligomferes. ou bien par la tormule (-AI(R)-O-)^ pour un alumoxane cyclique cligomdre. 
dans laquelte n vaut de 1 6 40. m vaut de 3 ^ 40. et R comprend un groupe alkyle en C^^. 

4. Un proc6d6 suivant la revendication 3, dans lequel le m6talloc6ne est choisi dans le groupe consistant en di- 
halog^nures de bis-(n-butylcyclopentadienyl)-m6tal. hydrido halogenure de bis-(n-butylcyclopentadi6nyl)-metal. 
monoalkyl-monohalog6nures de bis-{n-bulylcyclopentadi6nyl)-m6tal, dialkyl-bls-(n-butylcyck)pentadi6nyl)-metai 
et dihaloggnures de bis-(ind6nyl)-m6tal. 

5. Le proc6d6 suivant la revendication 3, dans lequel le mdtaltocene est le dchlorure de bis-(isobutyIcyclopentadi6- 
nyl)-zlrconlum. 

6. Le proc6d6 suivant la revendicatwn 1. dans lequel la pression de polymdrisatton est maintenue en dessous de 
2.B MPa (400 psi). 

7. Le procede suivant la revendication 1 . qui comprend le choix de la seconde temp6rature de polymerisation k une 
valeur superieure k 65*C pour produire un produit polymerise ayant un Ml inferieur a 4. 

B. Le proc6d6 suivant la revendication 1 , qui comprend le choix de la seconde temperature de polymerisation k une 
valeur superieure k 70*'C pour produire un produit polymerise ayant un Ml inf6rieur k 3. 

9. Le procede suivant la revendication 1 . qui comprend le choix de la seconde temperature de polymerisation k une 
valeur superieure a 75"C pour produire un produit polymerise ayant un Ml inferieur k 2. 

10. Le procede suivant la revendication 1 , qui comprend le choix de la seconde temperature de polymerisation a une 
valeur interieure k lOO^'C pour produire un produit polymerise ayant un Ml superieur k 0,5. 

11. Le procede suivant la revendication 1. qui comprend le choix de la seconde temperature de polymerisation k une 
valeur interieure k 90^C pour produire un produit polymerise ayant un Ml superieur k 1. 

12. Le procede suivant la revendication 1, qui comprend le choix de la seconde temperature de polymerisation k une 
valeur interieure k 80*C pour produire un produit polymerise ayant un Ml superieur k 2. 
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GAS RECYCLE 
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